INTRODUCTION
The concept that hematopoietic differentiation involves an early and irreversible lineage commitment is brought into question by numerous observations of leukemias and lymphomas that express myeloid or lymphoid markers outside their respective lineages. The coexpression of differentiation markers has been interpreted as being either an aberrant phenomenon caused by leukemogenesis (McCulloch, 1983) or a reflection of the normal but transient existence of bipotential progenitors in hematopoiesis (Greaves et al., 1986) . In particular, the existence of a number of transformed cell lines with both lymphoid and macrophage characteristics has suggested a close relationship between these lineages. Murine macrophage cell lines have been derived from lymphoid tumors and from in vitro transformants induced either by murine leukemia viruses or chemical carcinogens (Boyd and *Corresponding author. Schrader, 1982; Holmes et al., 1986; Hanecak et al., 1989) . Three groups have studied systems in which a transition from a lymphoid to a macrophage phenotype could be induced. Klinken et al. (1988) demonstrated that B lymphoid cells from transgenic mice that express c-myc using the immunoglobulin mu enhancer could be induced to take on macrophage-like characteristics when infected with a retrovirus expressing v-raf. Davidson et al. (1988) showed that a v-Ha-rastransformed lymphoid cell line could be stimulated by lipopolysaccharides (LPS) to differentiate along either the lymphoid pathway into pre-B-like cells or along the myeloid pathway into macrophage-like cells. Recently, Borzillo et al. (1990) reported the CSF-l-dependent macrophage lineage transition of a pre-B-cell line expressing the human CSF-1 receptor.
The (Fig.  1B) . The MoMuLV genome possesses a BglII site within env, such that the foregoing hybridization would detect a fragment extending from that BglII site to a BglII site in the host-cell genome flanking the 3' terminus of the provirus. These data demonstrate that the putative macrophage tumor was derived from the pre-B-cell line.
RESULTS
A tumor consisting of adherent cells with a macrophage morphology was identified during our studies on the tumor progression of a pre-B lymphoid cell line expressing v-H-ras (Chen et al., 1991) . This tumor, designated tumor 4, was derived from a clonal cell line, designated R2, that was generated by infection of fresh murine bone marrow with a mixture of a v-Ha-rasexpressing retrovirus and Moloney murine leukemia virus (MoMuLV) (Schwartz et al., 1986b (Rogers et al., 1980) . Tumor-4 cells (Fig. 2B) were positive for the nonspecific phagocytosis of latex beads, whereas R2 cells ( Fig. 2A) were not. Nonspecific phagocytosis is another marker of the monocyte-macrophage lineage (Raschke et al., 1978) . These data strongly suggest a macrophage phenotype for tumor-4 cells.
At late stages of myeloid differentiation, the levels of c-myc and c-myb mRNA decrease, whereas the level of c-fms mRNA increases (Gonda and Metcalf, 1984; Sheng-Ong et al., 1987) . Ayala et al. (1990b) . IL-6 activity determined by its ability to induce the proliferation of the 7TD1 B-cell hybridoma previously described by Hultner et al. (1989) . TNF activity assessed by its cytotoxicity to WEHI-164 clone 13 cells previously described by Ayala et al. (1990a) . The relative units of cytokine activity determined by comparison of the activity of dilution series of experimental supernatants to the activities of dilution series of purified human IL-1 (Genzyme), recombinant human IL-6 (Amgen Corp.) murine TNF-alpha (Amgen Corp.) standards. not shown). A mu heavy-chain probe revealed a diverse range of RNAs in the macrophage subclones (Fig. 5 ) that correspond in size to 1.9-, 2.1-, 2.3-, and 2.9-kb transcripts reported to be initiated in the mu-swit.ch region of myeloid cell lines (Kemp et al., 1980 (Fig. 7B) . The ability to present antigen, therefore, may be a common phenomenon among v-Ha-ras-transformed B lymphoid cells that acquire macrophagelike characteristics.
Authentic antigenic presentation should be MHC-restricted, so all of the putative antigenpresenting cells were also c6cultivated with a Tcell hybridoma specific for cOVA and restricted for I-Aq, 3Q023-24.4. As exemplified by subclone 4 of tumor 4 (T4.4) and the macrophage tumor derived from R1 (RIT), the antigen presentation observed is MHC-restricted (Fig. 7C ).
I-A Expression
Antigen presentation to T cells requires Ia expression and the observation of I-Aa-restricted presentation (Fig. 7C) or B cell. Although numerous examples exist of B lymphomas with the capacity to present antigen Walker et al., 1982) The "lineage switch" macrophages reported here express a low level of Ia (Fig. 8) . This is consistent with the previous report of Davidson et al. (1988 
MATERIALS AND METHODS
Cell Lines R1 and R2 are v-Ha-ras-transformed murine pre-B-cell lines described in Schwartz et al. (1986b) .
Tumors derived from R1 and R2 were generated as described in Schwartz et al. (1986a Schwartz et al. ( , 1986b (Whitlock et al., 1983) . All of these cell lines were cultured over feeder cells in RPMI 1640 supplemented with 5% fetal calf serum and 5x10 -5 M 2-mercaptoethanol. The subclones of tumor 4 were generated from single colonies grown in soft agar medium as described by Whitlock et al. (1983) . The T-cell hybridoma, , was a generous gift of Drs. Philippa Marrack and John Kappler (University of Colorado, Denver) (White et al., 1983 Cytoplasmic RNA was isolated from actively growing cells by a sodium dodecyl sulfate-urea procedure as described by Schwartz et al. (1981) . Poly A / RNA was selected by oligo-dT cellulose chromatography (Aviv and Leder, 1975) . RNA was denatured, electrophoresed in a formaldehyde-1% agarose gel (Rave et al., 1979) , and transferred to Nytran (Schleicher and Schuell) (Thomas, 1980) . High molecular weight DNA was isolated from nuclei collected in the preceding RNA isolation procedure as described in Schwartz et al. (1986b) . DNA was digested with restriction enzymes as noted in the figure legends, electrophoresed through 0.8% agarose, and transferred to Nytran (Southern, 1975) .
Hybridization probes were prepared by nick translation (Rigby et al., 1979) through the incorporation of dATP (3000Ci/mmol; ICN).
The v-Ha-ras probe was the replicative form of phage M13mp10 containing a 0.46-kb EcoRI fragment corresponding to v-Ha-ras encoding sequences (Ellis et al., 1980) . The env probe was a 0.8-kb BamHI fragment from the env region of Friend murine leukemia virus and is specific for the env sequences of murine ecotropic retroviruses (Silver and Kozak, 1986) . The c-myc probe was the 4.7-kb genomic HindIII fragment of murine c-myc (Stanton et al., 1984) . The murine cmyb probe was a cloned 2.4-kb cDNA (a generous gift of Dr. Timothy Bender, University of Virginia, Charlottesville). The fms probe was a cloned 2.7-kb ClaI-BamHI fragment of the McDonough strain of feline sarcoma virus (Donner et al., 1982) . The murine ]/2-microglobulin probe was a cloned 0.5-kb cDNA (Parnes et al., 1981) . The rat glyceraldehyde-3-phosphate dehydrogenase (GAPDH) probe was a cloned 1.3-kb cDNA (Fort et al., 1985 (Seidman and Leder, 1978) . The murine mu heavy-chain probe was a cloned cDNA (/12) that extends from CH2 to the 3'-untranslated region of the secreted form of mu mRNA (Rogers et al., 1980 RT-PCR was performed according to the procedure of Chang et al. (1989 Chang et al. ( , 1991 (Yam et al., 1971 ) with a Sigma research kit. Nonspecific phagocytosis of latex beads was assayed by the method of Raschke et al. (1978) .
Antigen Presentation
Assays for antigen presentation were performed in a manner similar to that described by Marrack et al. (1989) . Briefly, the cell lines to be assayed for antigen presentation were titrated into 200-tl microcultures containing 105 cells of either the Tcell hybridomas -5 M 2-mercaptoethanol and, where required, cOVA at 1 mg/ml. After 24 hr, incubation supernatants from these cultures were assayed for IL-2 using CTLL-2, an IL-2-dependent cytotoxic T-cell line. Twofold serial dilutions of supernatants were added to 5x103 CTLL-2 cells in 100-/.tl microcultures and incubated for 48 hr at 37 C. MTT (Sigma), a substrate for production of a colored product indicative of cell survival (Mosmann, 1983) , was added at 0.5mg/ml and the cultures incubated for an additional 4 hr at 37 C. Acid-isopropanol (40-mM HC1) was then added to dissolve the MTT formazan reaction product. The 
